Introduction
This investigation is in part similar to a previous one which described root modifications in Vicia, faba seedlings grown from x-rayed seeds (5) . Its purpose is to repeat and supplement these data, using Zea mays, so that it might be possible to state more generally the effects of x-rays on plant roots; and also to test the opinion that one effect of x-raying seeds, which appears in the roots during germinationi, is on factors involved in cavity formation.
In Zea mays, cavities of the lvsigenous type occur normally in the roots.
If the radiation were active in this respect, it might be expected that the process would show variations in rate and extent as compared with controls. Methods The radiation referred to as soft x-rays was supplied bv an apparatus described in previous papers (3, 4, 5, 6) . Unsoaked seeds of Zea mays were oriented with their embrvo sides toward the source of x-ray radiation, 8 cm. from the focal spot of the x-ray tube. The tube was of the gas type, having a copper target. The most intense part of its radiation consisted of the Ka line (1.54 A). The dose of radiation selected was 30 peak kv., 10 ma. with an exposure time of 100 minutes. This treatment, according to preliminary tests, results in growth cessation during germinationi. Any exposure time over 30 minutes, unider these conditions, also results in this characteristic growth cessation but to a lesser extent. Variations in growth of seedlings germinated from seeds given increasing exposures to x-ravs, are given in figure 1. Following irradiation, the seeds were germiniated in moist peat moss at 850 F. The approximate period of germination before growth cessation becomes apparent in treated seedlings is about 8 days. External ob-ervations were recorded for this time and histological studies were made of primary roots of 3-, 5-, and 8-day-old seedlings. Fifty roots of each type were examined microscopically, usinlg standard methods of microtechiiique.
The characteristic irregularitv in arrangement and extent of tissue in seedlings grown from x-raved seeds, makes it quite impossible to secure histological sections without some distortion. This accounts for the irregularity in some illustrations of the x-rayed material presented throughout the paper. 455 Results Figure 2 indicates the general appearance of 8-day-old seedlings grown from x-rayed seeds as compared with normal seedlings of the same age.
The seedlings grown from x-rayed seeds display certain external modifications in their primary roots. These may be briefly listed as: decreased root length-an average of 3 cm. in the x-rayed group as compared with an average of 18 cm. in control seedlings; the absence of lateral roots; and a poor development of the root tip. There is also an absence of adventitious roots in the region of the first internode, which are normally formed in Zea mays.
fifth days of germination, shows a relatively normal arrangement of cells of the root tip meristem in seedlings of x-rayed seeds. Root tip sections of 8-day-old seedlingrs, grown from x-raved seeds, however, indicate consider- Of development inl control seedlings of the same age is represented in figure 5. In the x-rayed set, lateral root initiation is indicated1 but the dividing pericycle cells are found to collapse after a few divisions. This accounts for the failure of secondary roots to appear externally. The failure of adventitious root formatioln in the internodal reoions of Zea mays seedlings grown from x-rayed seeds is apparently related to the disintegration of adventitious root primordia. This is shown in figure 8 as it is observed in the first internode of such seedlinogs. The normal formation of these primordia is represented in figure 7 .
An interesting series of observations on the root modifications in Zea FIGS. 9-11. Successive stages in lysigenous cavity formation in the pith region of a normal primary root of Zea mays. x 450. mays seedlings caused by the x-irradiationi of seeds involves the formation of lysig,enous cavities in the pith region of the primary roots. Normal development of these cavities as found in the control roots are represented in figures 9 to 11. This includes enlargement of specific pith cells which form cavities by the reabsorption of their cellular contents and also enlarge-ment of certain adjacent cells which divide forming adjoining divisions, which continue to increase in size and later form a single large cavity as the cell walls between them and also their prot6plasmic contents are reabsorbed. The end of the process is a more or less definite distribution of 7 or 8 cavities in the pith, each surrounded by regularly arranged pith cells (fig. 12) .
In the roots of the 3-and 5-day seedlings grown from the x-rayed seeds, it is found that this cavity formation occurs only as a result of cell enlargement followed by the reabsorption of the protoplasm. figure 19 . The modification is very great and may be associated with decreased length.
It is further observed in the 5-day-old seedlings that after the lysigenous cavity formation is complete, to the extent observed in control roots, cell wall splitting occurs in the central portion of the pith (figs.~15 and 16) resulting in schizogenous cavity formation; anid also in areasm between the originally formed lysigenous cavities ( fig. 17) , resulting in schizo-lysigenous cavity formations. In the 8-day-old seedlings, these two processes are found to involve the entire pith portion of the root in its mature region and following this to extend downward to include the pith region of the root tip ( fig. 18 ).
These observations are difficult to interpret. Variations in lysiaenous FIGS. 13-15. Lysigenous cavity formation in primary roots of Zea mays seedlings grown from x-rayed seeds. Figure 15 shows the beginning of a schizogenous cavity in the pith. x 450.
cavity formation as compared with that in plants grown from non-irradiated seeds, and the additional schizogenious and schizo-lysigenous cavities seem to be two separate effects of the x-ray irradiation.
Summary
External and histological modifications which occur in the primary roots External root modifications in Zea ntays caused by the x-ray seed treatment are similar to those found in Vicia faba: decreased root length; failure of lateral root formation; and growth cessation after a short period of germination. In addition, adventitious roots do not form in the internodal regions of the seedlings.
Histological observations indicate the following modifications: 1. The primary root tip meristem of the 8-day-old seedlings is extensively distorted and lig,nified and indicates a condition of arrested growth. The effect, however, is not apparent in treated plants which are from 3 to 5 days old. At this time the meristem cells appear to be relatively nlormal in arrangement.
2. A breakdown of the pericycle in lateral root initiation is found; also, a distortion of cells of adventitious root primordia in the first internode is apparent. These correspond to the failure of secondary roots to appear externally.
3. Lysigenous cavities occur normally in the pith region of the primary root of the Zea niays used. In the roots of the seedlings grown from the x-rayed seeds, there are slight variations in the formation of these lnormally present cavities; but a more striking modification is found in their very early and rapid appearance.
4. In addition to these lysigenous cavities in the primary roots, a schizogenous eavity forms in the central regioni of the pith as a result of cell wall splitting when the seedlings of the x-raved seeds are approximatelv from 5 to 8 days old. In the 8-day-old seedling-s, schizogeinous cavities are observed, due to continuous cell wall splitting between the previously formed lysigenous cavities and evidences of this cell wall splitting are found to extend downward in the pith region to the lowermost part of the root tip.
5. It is not known whether factors involved in lysigenous and schizogenous cavity formations are comparable. They seem to be separate effects of the x-ray radiation treatment.
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